Abstract. Temperature dependent comparative EXAFS studies of Ba 1Àx K x BiO 3 superconducting oxides and copper based superconductors with hole (La 2Àx Sr x CuO 4 ) and electron (Nd 2Àx Ce x CuO 4Àd ) doping showed the common dynamical local structure nonuniformity observed as the double-well potential of oxygen ion oscillations. Obtained data evidence that these local structure nonuniformity arises from the local dynamic charge ordering due to different electronic structure of the neighbouring BiO 6 or CuO n (n ¼ 4; 6) complexes in perovskite-like lattice. Based on the experimental results, the phenomenological description was proposed which allowed us to establish the correlations between the local and the macroscopic properties and to explain the insulator-metal phase transition and the appearance of the superconductive state with both hole and electron doping of parent BaBiO 3 , La 2 CuO 4 and Nd 2 CuO 4 insulators. The presented results makes clear the role of electron-phonon coupling in the mechanism of high temperature superconductivity.
Introduction
Though superconductivity in BaPb 1Àx Bi x O 3 (BPBO) was discovered significantly earlier [1] than in cuprates [2] , the question of the nature of superconducting state in this oxides as well as in cognate system Ba 1Àx K x BiO 3 (BKBO) is still unsolved. Moreover in spite of extraordinary efforts for over 20 years, no universally accepted theory exists with regard to the origin of high temperature superconductivity (HTSC) in cuprates and up to now it is not clear if the mechanism of superconductivity is the same or different in these two classes of the superconducting oxides so as in hole-doped and electron-doped cuprates.
The both classes have perovskite-like lattice with CuO n (n ¼ 4, 5, 6) or Bi(Pb)O 6 complexes joined by the common oxygen ions. In bismuthates, the intersection of octahedral complexes in the three crystallographic directions determines their three-dimensional cubic structure. In cuprates the CuO n complexes are joined in CuO 2 planes, which makes the two-dimensional layer structure of copper-oxides. Because of strong hybridisation of covalent Bi(Pb)6s, Cu3d --O2p s bonds, the above mentioned complexes are the most tightly bound items of the perovskitelike structure.
In contrast to conventional superconductivity where phonons lead to the formation of Cooper pairs, in HTSC oxides, the role of electron-phonon coupling has long been neglected. However during last time the discussion concerning the role of the lattice vibrations in the high temperature superconductivity recommences [3] . This renewed activity is connected with long list of new experimental data. Strong electron-phonon coupling was observed for both hole-and electron-doped HTSC compounds in neutron or X-ray scattering experiments and in tunneling spectra (see, for example, [4] and references therein). Recent high resolution angle-resolved photoemission (ARPES) measurements have found an oxygen isotope effect in the dispersion kink at the half-breathing phonon mode, hinting at an important role of oxygen vibrations inside the superconducting CuO 2 plane [5] . Since the above phonon modes are essentially local in their character, very important information may be extracted by the extended X-ray absorption fine structure (EXAFS) technique which is the most suitable for study of the local structure peculiarities.
Considerable quantity of the EXAFS evidences for the existence of low-temperature local structure anomalies of CuO 2 plane in hole-doped HTSC-cuprates was reported up to date [6] [7] [8] [9] [10] [11] [12] . The in-plane Cu--O bonds show unconventional broadening at low temperature, which is connected with dynamic lattice instability related to superconductivity [11, 12] . Moreover this instability was interpreted as anharmonicity-induced multiphonon processes [13] and as oxygen ion vibration in a double-well potential in some investigations [7] [8] [9] [10] .
All points that lattice vibrations play a crucial role in the superconductivity of cuprates. However it is not clear whether the electron-phonon coupling is responsible for the pairing and strength of the electron-pairs binding, or it provides the ability to carry a superconductive current attributed to the phase stiffness r s [14] .
For the first time the existence of the double-well vibration potential was experimentally observed by us in the superconductive oxides Ba 1Àx K x BiO 3 (BKBO) [15, 16] . We suppose that the double-well potential reflects strong electron-phonon coupling due to the dynamic charge inhomogeneity in both superconducting oxide classes: bismuthates and cuprates.
The goal of this paper is to specify the role of vibrations of oxygen ions in the appearance of the superconductive state using joint EXAFS data analysis of the local structure peculiarities in Ba 1Àx K x BiO 3 and in electron-doped (Nd 1:85 Ce 0:15 CuO 4Àd ) and hole-doped (La 1:85 Sr 0:15 CuO 4 ), to connect the local and the macroscopic properties of compounds and to make clear the role of electron-phonon coupling in the mechanism of high temperature superconductivity. The X-ray absorption spectra above the L 3 -Bi and K-Cu edges were collected at the at D-21 line (XAS-13) of DCI (LURE, Orsay, France) and E4 beamline of the DORIS III (DESY, Hamburg, Germany) storage rings respectively. Energy resolution of the double-crystal Si (111) monochromators with a 0.3 mm slit was about 1.4 eV at 9 keV and 2-3 eV at 13 keV. Low-temperature measurements were carried out using a liquid-helium continuous flow cryostat with a temperature control of AE1 K at 300 K and 0.1 K at 5 K. Transmission spectra for BKBO and NCCO were measured on a pressed polycrystalline samples with the optimal thickness. Polarized fluorescence LSCO spectra were measured by 7-pixel Si(Li) detector on a single crystal sample placed in the sample holder in a way to obtain Ejjab polarization with 45 X-ray incidence angle. We analysed the EXAFS function cðkÞ, using the VIPER [17] software package by construction of the model potentials of atomic vibrations, subsequent calculation of the pair radial distribution function, and calculation of the model cðkÞ.
Experiment

Results
As we pointed out earlier the generally accepted harmonic approach for treating EXAFS spectra cannot be applied both for superconducting compositions of BKBO (x ¼ 0:4; 0:5) [15, 16] and for CuO 2 -plane of LSCO, NCCO (x ¼ 0:15) [9, 18] due to the strongly nonharmonic vibrations of oxygen ions. Thus we must use the general formula for EXAFS-function simulation, based on the pair radial distribution function g ab ðrÞ (PRDF):
and find g ab ðrÞ by solving the stationary Schrödinger equation. As a result of correct EXAFS function simulation we obtain the parameters of the none-harmonic potential for oxygen ion vibrations. Let us consider a nature of this potential. As mentioned above, for the superconductive compound Ba 0:6 K 0:4 BiO 3 the EXAFS-function was successfully simulated when a double-well potential was used to describe the oxygen vibrations [15, 16, 19] . Due to the strong covalence of Bi6s--O2p s bonds the octahedral complexes BiO 6 representing the most tightly bound items of the perovskite-like structure can be considered as quasimolecules [20] . It was supposed that the reason for appearance of a double-well potential is the difference in electron filling of the neighbouring octahedral complexes. Part of the octahedra denoted as BiL 2 O 6 have a hole pair L 2 in the upper antibonding molecular orbital Bi6s--O2p s Ã . They are characterized by stiff (quasi-molecular) Bi--O bonds and a smaller radius. Rest of the BiO 6 octahedra bearing electron pair represent non-stable molecules with the filled upper antibonding orbital. They have more soft Bi--O bonds and a larger radius. The equilibrium position of oxygen ions belonging to neighbouring octahedra of different kinds is slightly displaced from the middle point between two Bi sites to bismuth position in the small BiL 2 O 6 octahedron. Local hole and electron pairs can exchange each other due to tunneling from one complex to another. As a result the oxygen ion belonging to two octahedra of different kinds vibrates non-harmonically because the equilibrium position of the vibration potential oscillates in accordance with the dynamic exchange BiO 6 $ BiL 2 O 6 . Such vibrations were described by a double-well potential with a high transparency of a barrier separating the wells [15, 16, 19] .
By analogy with the description above we successfully simulated EXAFS-function of the first Cu--O(1) shell inside CuO 2 -plane according to the formula (1) using double-well oscillation potential for both 4 complexes, where the above orbital has an electron pair. We supposed that the oxygen ions bounding complexes of different kinds oscil-late in a double-well potential and the ions belonging to identical CuL 1 O n (n ¼ 4; 6Þ complexes oscillate in ordinary harmonic potential. To construct the double-well potential we considered a parabolic form for each well,
, joined continuously. In our calculations we assumed that amount of oxygen ions oscillating in double-well potential is determined by the amount of doping holes or electrons and is equal to 15%. The rest ions oscillate in the single-well parabolic potential. Results of the calculations presented in the Fig. 1 (left panels, dotted lines) Fig. 2) , since the charge transfer from one complex to a neighbouring one entails energy expense (activation energy E a $ 2 eV) because it leads to the change of the electronic structure of both complexes. Presence of unpaired spins in the CuL 1 O n complexes determines the antiferromagnetic ground state of the compounds.
When part of lanthanum is replaced by strontium the CuL 2 O 6 octahedral complexes with two free states at the upper antibonding orbital are formed (see Fig. 2 . At low temperatures the movement of the local pairs becomes coherent and this explains the appearance of the superconductive state (see center of the both panels in Fig. 2) .
It is worth to notice, that the local structure picture, presented in Fig. 2 , is very closed to ideas, proposed by K. A. Müller and J. G. Bednorz in their Nobel prize lecture in 1987 [21] .
In the overdoped regime (x > 0:28) for LSCO the concentration of hole pairs becomes too large for the wave function of the pair to have local character and free electronic levels of CuL 2 O 6 complexes delocalize. These levels split and overlap with half-filled L 1 levels of CuL 1 O 6 complexes. As a result there is formed a partly (less than half) filled conductivity band. So the hole doping of initial p-type semiconductor La 2 CuO 4 converts it to a regular n-type metal in the overdoped regime (see Fig. 2, upper panel, right) .
In case of NCCO in the overdoped regime (x > 0:18) electrons from fully occupied levels of CuO 4 complexes delocalize and together with half-filled levels of CuL 1 O 4 complexes create the band with more than half filling, producing the hole-type conductivity in such a system (see Fig. 2, low panel, right) . So the electron doping of n-type parent semiconductor Nd 2 CuO 4 converts it to p-type metal in the overdoped regime.
In our phenomenological description we assume that the local electron (hole) pairs appear in CuO n (n ¼ 4; 6) complexes as a result of doping of the parent insulators Nd 2 CuO 4 (La 2 CuO 4 ) by Ce(Sr). The crucial role of the lattice vibrations (phonon subsystem) in our model lays in providing the phase stiffness, i.e. the ability of phase coherence in the local pair moving at T < T c . We suppose that this coherency at low temperature is provided by the peculiarities of the perovskite-like structure. As we pointed out for BKBO system [16, 19] in the superconducting perovskite-like oxides there exists a soft collective rotational mode of BiO 6 (CuO n complexes), that does not freeze at low temperature [22] . So the distance between the minima of the double-well potential is modulated by this collective rotational mode and as a sequence the frequency of oxygen ion tunneling between the potential wells is bounded by frequency of a soft rotational mode or its harmonics.
At low temperature the probability of tunneling between the two wells reaches its maximum when oxygen ions intersect Cu--Cu (Bi--Bi) directions due to vibrations in the collective rotational mode of CuO n (BiO 6 ) complexes, which guarantees the phase coherence between the vibration in the double-well potential and the vibration in the half-breathing mode (see Fig. 3 ). This provides coherence of the local pair movement, i.e. the ability of the superconducting state to carry a supercurrent. When temperature increases higher than the critical temperature the probability of tunneling increases and oxygen ions can tunnel at any other moment than the moment when they cross [100]-type axes. It destroys the phase coherence between the oxygen ion vibrations in double-well potential and in half-breathing mode. As a result the phase coherence of the local pair moving is destroyed and superconductivity disappears.
Here we should point out that the peculiar role of oxygen ion vibrations in HTSC mechanism was discussed in a long list of papers (see the review article [23] and references therein).
As it was pointed above, the double-well potential was independently observed in other superconducting cuprates La 2 CuO 4:1 [7, 10] , which indicates that anomalous oxygen ion vibration in a double-well potential is an inherent property of superconductive oxides with perovskite-like structure. Meanwhile the authors of [7, 10] explain the appearance of the double-well potential in terms of JahnTeller polaron model. Their model is inapplicable for Nd 1:85 Ce 0:15 CuO 4Àd because of the absence of the apical oxygen atoms in NCCO structure and for BKBO with cubic structure. So we suppose that our phenomenological description of the relationship between local electronic and local crystalline structures is more suitable for explaining the appearance of the superconductive state in bismuthates and in cuprates irrespective of the type of doping.
Conclusion
The joint EXAFS data analysis of the local structure peculiarities in Ba 1Àx K x BiO 3 , Nd 1Àx Ce x CuO 4Àd and La 1:85 Sr 0:15 CuO 4 allowed us to observe the correlations between the local and macroscopic properties and to make conclusions that bismuthates and both electron-and holedoped HTSC cuprates reveal similar local dynamic lattice instability which is manifested as vibrations of part of oxygen ions in the double-well potential and these abnormal vibrations occur due to different electronic filling of neighbouring BiO 6 and CuO n (n ¼ 4; 6) complexes.
Proposed phenomenological description of the relationship of the electronic and local crystalline structures explains the insulator-to-metal phase transition and the appearance of the superconductive state with both hole or electron doping of parent insulators and clarifies the role of electron-phonon coupling in superconductivity.
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